Purpose α1 receptors and subtypes have been confirmed to distribute in human pelvis and calyces recently. As used in ureteral stones, α-blocker treatment may facilitate kidney stone passage and long-term prescription of α-blocker may decrease the risk of recurrent urolithiasis. The aim of this study is to determine if use of α-blockers 180 days or more can decrease the risk of recurrent urolithiasis needed for surgical intervention.
Introduction
Urolithiasis, urinary tract stones, affects almost all populations across different regions, cultures, and races [1] [2] . It is associated with various comorbidities and increased risk of chronic kidney disease, metabolic bone disease and cardiovascular events [3] . The lifetime risk is 10-25% around the world [1, 4] . After treatment, urolithiasis recurs within 5-10 years in~50% of patients and in 75% within 20 years [1, 5] . This disease has steadily increased in incidence and prevalence worldwide, prompting the need for primary and secondary prevention [2] .
While many patients remain asymptomatic, others have pain, urinary tract obstruction, infection, or loss of renal function. Patients often need to visit emergency departments and phycisians' clinics to receive surgical interventions. Around 1.0%-1.7% of all emergency department visits in the United States are for renal colic or urolithiasis [6] . The economic burden of urolithiasis is immense. According to data from the Urological Diseases in America Project, the direct and indirect cost of treating urolithiasis in the United States in the year 2000 was about $5.3 billion [7] .
Although invasive surgical interventions have been minimized and replaced with extracorporeal shock-wave lithotripsy (ESWL) or ureterorenoscopic lithotripsy (URSL), complications and high costs of treatment remain [7] . Several medications have been found to possibly facilitate the passage of stones and reduce their recurrence [8] . One, α-adrenoreceptor antagonist (α-blocker), is reported to augment stone expulsion rates, reduce the time to expulsion, and lower analgesia requirements for ureteral stones with and without surgical intervention [9, 10] . Recently, the presence and distribution of α1 receptors and subtypes in human pelvis and calyces has been confirmed by Karabacak et al [11] . Their findings imply that α-blocker treatment could facilitate kidney stone passage and help decrease pain, as used in ureteral stones [11] . In addition, long-term prescription of α-blockers may also decrease the risk of recurrent urolithiasis.
However, clinical trials have thus far only examined the effectiveness of α-blockers on stone clearance before or after such surgical interventions as ESWL over a short period of time (<90 days) [9, 10] . Whether longer periods of treatment with α-blockers can prevent the recurrence of stones and decrease the necessity of further surgical intervention over longer periods is still not known. To find out, this study used a nationwide representative population-based dataset to study the effect of follow-up α-blocker treatment on stone recurrence needed for surgical intervention in patients who previously completed a full treatment course for urolithiasis. The percentage of number of dosage days (out of 180 days), cumulative defined daily dose (cDDD), and average cDDD per day were analyzed in a retrospective cohort study and nested casecontrol study to investigate the effect of dosage on recurrence.
Materials and Methods

Data Sources
Longitudinal sampling cohort data from the National Health Insurance Research Database (NHIRD) between January 01, 1999 and December 31, 2010 was used for analyses. For research purposes, Taiwan's National Health Research Institutes (NHRI) created randomly sampled representative database of 1,000,000 patients from the year of 2000 registry of all NHI enrollees using a systematic sampling method. According to NHRI, there are no significant differences in age, sex, or health care costs between the sampled group and all enrollees [12] .
Characteristics of the NHIRD
This dataset contains comprehensive demographic characteristics such as gender, date of birth, and income levels, and health care data including dates of outpatient visits and inpatient admissions or discharges, clinical diagnoses (up to five coexisting diagnoses), medical procedures (up to five diagnostic or therapeutics procedures), NHIRD internal billing codes (S1 Table) , and detailed drug prescription information (i.e., names of prescribed drugs, dosage, date of prescription). The codes of clinical diagnoses and procedures used in this database (S1 and S2 Tables) are the same as those used by the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) [13] . This study was approved by the Institutional Review Board of Kaohsiung Medical University Hospital. Since the dataset contains aggregated secondary data and the patient identifiers are scrambled to the public for research purposes to protect confidentiality, the requirement for written or verbal consent from patients for data linkage study was waived. The protocol for this study conforms to the ethical standards set forth in the Declaration of Helsinki 1964.
Study Cohort
The potential subject for this study were patients with claims for first-time upper urinary tract stone removal procedures either by ESWL, URSL, or both in either outpatient or inpatient settings between January 01, 2000 and December 31, 2010 (Figs 1 and S1 ). This first surgical stone removal procedure was defined as index stone procedure. The 180-day period following each index procedure was consider part of the first treatment to be confirmed completely. This time period was chosen because the average time period within which upper urinary tract urolithiasis can be resolved by ESWL, URSL or both is reported to be less than 90 days in Taiwan [14, 15] .
Potential patients were excluded if they had an additional ureterolithotomy, nephrolithotomy or percutaneous nephrostolithotomy (PCNL) within 180 days of index stone procedure. Those patients may have complex urolithiasis with large stone burden or anatomic abnormality and their etiology and management may be different from those of most urolithiasis patients. Additional exclusion criteria included a patient being under 18 years old, not knowing the gender of the patient, having an index procedure on the same day as the end of study date, and a patient having a diagnosis of cancer (ICD-9-CM diagnosis codes between 140 and 208) in the inpatient setting one year prior to index date. We used the new user design to identify the exposed patient group who were not prescribed any α-blocker medication between one year prior to index date and the last date of the complete treatment period [16] . Finally, eligible patients were those who were prescribed any of the study drugs 180 days after the index date (Fig 1) .
α-blocker Medications
α-blocker medications, including tamsulosin, terazosin, doxazosin, and alfuzosin, were the major study drugs of interest [16] [17] [18] . We collected the dates of prescriptions, the daily dose, the number of days dispensed, and the number of pills per prescription. To minimize potential time-related bias, a 180-day drug exposure window was used to calculate percent of prescribed days within 180 days from the date of first pharmacy claim after the 180-day complete treatment period (S1 Fig) [17] . In order to evaluate the overall effects of study α-blocker medications, the defined daily dose (DDD) was used for each study α-blocker (S3 Table) . The defined daily dose (DDD) is recommended by the World Health Organization (WHO) for a unit to measure a prescribed amount of drug. It is assumed the averaged maintenance dose per day of a drug consumed for its main indication in adults. Through standardizing daily doses, different drugs can be compared given same standard unit [19] . Cumulative defined daily dose (cDDD) and average cDDD per day in each group were calculated. cDDD was calculated as the sum of dispensed DDD within the drug exposure time period for each group [19] . Average cDDD per day was calculated as the sum of dispensed DDD divided by number of days exposed to study drugs within the exposure time period.
Outcomes of Interest
After the 180-day drug exposure window, eligible patients were prospectively followed-up until the performance of second stone procedures (ESWL, URSL, ureterolithotomy, nephrolithotomy or PCNL), loss to follow-up, or the end of study date (December 31, 2010), whichever came first. The performance of a second stone procedure was our proxy for clinically significant stone recurrence.
To validate the accuracy of ESWL or URSL procedure in NHIRD, we randomly selected 10% medical records from one medical center and one community teaching hospital in 2008. Nine hundred seventy-eight and 659 patients received procedures (ESWL, URSL, or both) in this medical center and community teaching hospital, respectively. We reviewed 98 out of 978 and 66 out of 659 medical records and found accuracy to be 100%.
Nested Case-Control Study
A nested case-control study was also conducted with the same cohort. An incidence density sampling approach was used to match stone recurrence patients with controls (1:1) based on age, gender, and date of starting study drugs after 180-day complete treatment period to ensure the same drug exposure time window [18] . After matching, we assigned the date of stone recurrence in each case to his/her matched control at the end of follow-up. cDDD and average cDDD per day for each case and control within the matched drug exposure time period were also calculated [19] .
Potential Confounders
Several potential confounders that may affect the association between α-blocker drug use and the stone recurrence were considered in the analysis. Potential confunders included patients' sociodemographic characteristics, patients' index stone procedures, patients' baseline comorbidities (S2 Table) , use of double J tube, and the prescriptions of medications such as allopurinol, thiazide, potassium citrate [8] and antibiotics that were commonly used for the control of urinary tract infection in clinical practice, including cephalosporins, penicillins, fluoroquinolones, trimethoprim-sulfamethoxazole and nitrofurantoin.
Statistical Analyses
Patients' demographics and clinical characteristics were analyzed by percentage of total number of days of study drugs use within 180-day drug exposure window by quartile ( 25%, >25% and 50%, >50% and 75%, and >75%). Cox proportional hazard models were used to compute hazard ratios (HRs) with accompanying 95% confidence interval (CI). To meet the proportional hazards assumption, all dichotomous variables in the model were checked for proportionality using diagnostic log-log survival plots.
To ensure the robustness of results, the percentage of total number of days of study drugs use within 180-day drug exposure window was also divided into three groups: 10%, >10% and 80%, and >80%. A forest plot was used for sensitivity analysis for patients overall and patients with or without HTN and/or BPH comorbidities.
For the nested case-control study, conditional logistic regression models were used to examine the effect of drug exposure among all patients with recurring cases and their matched controls. The study drugs were analyzed by percentage of total number of days of study drugs use within 180-day drug exposure window by quartile, as well as by cDDD and average cDDD per day in the matched drug exposure time period by quartile. In addition to analyzing by the 180-day drug exposure window, we also analyzed the robustness of our results using 90-and 270-day drug exposure windows. All statistical operations perform using STATA, version S.E. 11.2 (Stata Corp.). A two-tailed P value less than 0.05 was considered significant.
Results
This study analyzed data from 1,259 patients, most of whom were male and aged between 40-64 years (Table 1) . At index date, about sixty-six percent (66.2%) of the patients received ESWL only, 32.3% received URSL only, and a small proportion (1.6%) underwent both procedures. Urolithiasis was recurred and needed for surgical intervention in 167 patients during the 3,980 person-year follow-up, making an overall recurrence rate of 42 per 1,000 person-years. An inverse relationship was found between percent of days that the study drug was prescribed within 180-day drug exposure window and stone recurrence rates (S2 Fig). The recurrence rates were 45.64, 47.19, 43.11, and 18.52 per 1,000 person-years for patients in first to fourth percentage quartiles, respectively (Table 2) . After adjusting for all covariates, the adjusted hazard ratios (HRs) were 1.11 (95% CI = 0.73 to 1.67) for the second quartile, 0.99 (95% CI = 0.57 to 1.70) for the third quartile, and 0.46 (95% CI = 0.24 to 0.89) for the fourth quartile, compared to the first quartile (Table 2 and S3 Table) . The results were similar even after Study drugs were used within 180-day study drug exposure window. These categories are not mutual exclusive. 4 Other drugs and treatment procedures were used between index date+180 days and the end date of 180-day drug exposure window. These categories were not mutual exclusive. recategorizing the groups by different percentages of days prescribed ( 10%, >10% and 80%, and >80%) ( Table 2 ). Even in patients categorized by HTN and/or BPH, there was a reduction in stone recurrence in the fourth quartile, significantly so in patients without BPH and without both BPH and HTN (Fig 2) . In the nested case-control study, the case and matched controls were similar in almost all variables, except history of gout and prescription of potassium citrate (S4 Table) . Their average follow-up times were the same (mean ± SD = 602.0 ± 463.5 days). We performed a similar analysis in this case-control study, and found that, when using the 180-day drug exposure window, the adjusted ORs was 0.23 (95% CI = 0.10 to 0.53, P = 0.001) in the fourth quartile, compared to the first, after adjusting for all covariates except age and gender (Table 3) . The results remained similar even in patients categorized by cDDD quartiles and average cDDD per day quartiles. In the sensitivity analysis, the results remained similar after changing drug exposure period from 180 days to either 90 days or 270 days (S5 Table) .
Discussion
This study found that patients prescribed α-blockers more frequently in the180-day drug exposure window after the first stone episode had a significantly reduced risk of recurring stones requiring further surgical intervention, with the fourth quartile having an adjusted HR of 0.46 (95% CI = 0.24 to 0.89) versus the first quartile (Table 2) . These results remained significant in the nested case-control study and even when recategorizing the patient groups cDDD and average cDDD per day and in the sensitivity study when the number of days of the exposure was changed.
Because of the advances in the understanding of ureteral smooth-muscle physiology and obstruction caused by urinary stones, it has been suggested that α-blockers can facilitate urolithiasis expulsion due to decrease the force and frequency of ureteric contractions and increase the fluid bolus volume transported the ureter [20] [21] [22] . Several smaller clinical trials have reported that short-term use of α-blockers in less than 90 days can facilitate the passage of ureteral stones with and without surgical intervention. These findings were also confirmed in metaanalyses reviewing clinical trial studies [9] [10] . One recent meta-analysis pooling 47 randomized and controlled trials by Seitz et al. provided the evidence that users of α-blocker had a higher and faster expulsion rate of ureteral stones compared to controls (RR = 1.45; 95% CI = 1.34 to 1.57) [9] . Although there is a great need for meta-analysis, one should be cautious that they are likely affected by publication bias generating positive and significant findings [10] . In addition, Karabacak et al has confirmed the presence and distribution of α1 receptors and subtypes in human pelvis and calyces recently [11] . Their findings imply that α-blocker treatment could facilitate kidney stone passage and help decrease pain, as used in ureteral stones [11] . Several updated randomized clinical trials also confirmed the adjuvant effect of α-blockers on improving stone free rates after surgical intervention of renal stones [23] [24] [25] . All α-Blockers Prevent Recurrent Urolithiasis Need for Surgery studies consistently suggested the beneficial effect of α-blocker on stone recurrence; the possible mechanism may be due to the prevention of stone retention in the kidney and facilitation of stone passage via ureter. However, these studies are also limited by small sample size (a few hundred study patients) and a short periods of follow-up time (from several weeks up to less than three months). The findings from the current large-scale, relatively long-term follow-up study fill an important gap in research knowledge and provide solid evidence of the protective effect of α-blocker on recurrence of urolithiasis needed for surgical intervention.
α-blockers are widely used in the treatment of HTN [26] and BPH [27] . To avoid the potential confounding effect by disease entity of HTN and/or BPH, we also analyzed our results by these variables and found the study drugs to have a protective effect against stone recurrence in the group exposed to the highest percent of daily study drug use, compared to the group exposed lowest percent of days, within the 180-day drug exposure window. These findings suggest that the protective effect of α-blockers use on recurrent stones needed for surgical intervention was not affected by different comorbidity of chronic diseases. Unexpectedly, patients prescribed potassium citrate in this study seemed to be at increased risk of recurrence. One possible explanation for this increased risk might be related to confounding by indication, as potassium citrate is generally considered a relatively safe and commonly used medication in 2 A 180-day drug exposure window was defined as the use of study drug days within 180 days from the date of first pharmacy claim after 180-day complete treatment period. 3 As described in the method section, we matched case and control based on their age, gender and date of first pharmacy claim after the 180-day complete treatment period. After matching, we assigned the date of stone recurrence in each case to his/her matched control at the end of follow-up.
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α-Blockers Prevent Recurrent Urolithiasis Need for Surgery the prevention of stone recurrence in patients at potentially high risk of developing urolithiasis by physicians [8] . This study has several limitations. One limitation is that, the exposure of interest was prescription information of α-blockers obtained from the NHI research dataset. We cannot know whether the patients adhered to the prescribed regimen, a bias that might cause random misclassification of exposure interest and underestimates in our findings. Another limitation is that the database we used did not provide data on several important lifestyle factors such as daily intake of fluid amount or obesity [28] and stone composition. Our use of these procedure as proxy for recurrence also meant that the recurrence of small stones not requiring surgery may have been missed, possibly leading to underestimation of recurrence and limiting our findings to more severe cases. Despite these limitations, given that most clinical trials are limited to small samples and short periods of follow-up, there has been a need for a large and highquality confirmatory trial to confirm the benefit of medical treatment, especially use of α-blocker, on urinary stone passage or recurrence [10] . This current study is a nationwide population-based study with both cohort and case-control design with sufficient sample size testing different time exposure windows.
Conclusions
This study found that use of α-blocker for 180 days or more prevent recurrence of urolithiasis needed for surgical intervention. In patients at higher risk of recurrent urolithiasis, long term prescription of α-blockers might help them prevent further surgical intervention. Further large prospective studies are needed to confirm our preliminary results. Table. Relationship of α-blocker use and recurrence of urolithiasis within 90-and 270-day study drug exposure windows in conditional logistic regression models. (DOCX)
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